This work aimed to study the effect of FYM rates (0, 10 & 20 m 3 fed -1 ) and application in time of N fertilizer on maize grain yield and its attributes using single cross hybrid 130 at two field experiments. The technique of treatment -trait (TT) biplot graph was used to study the interrelationships among maize traits. The Results showed that application of 10 or 20 m 3 FYM and adding the recommended N fertilizer on these doses with first, second or third irrigations gave highest values for the grain yield and most agronomic traits. It is obvious that the highest correlation coefficients were obtained between grain yield and each of number of ears plot -1 (NE),ear length (EL), ear diameter (ED) and 100 kernel weight (KW),under Gemmeiza location, while the traits of days to 50%tassiling and silking, plant height (PH), ear height (EH), number of ears plot -1 (NE) and 100 kernel weight (KW) were the most associated traits with grain yield under Sids location. Using the TT biplot graph, results revealed that the best performance treatments for most studied across the two locations were the application (T11) before as well as application (T10). The results showed that TT biplot graph was an effective statistical tool to study the effects of treatments on yield and its attributes and also to discover the interrelationships among these traits. Accordingly, the maize breeder should give interest in the interrelationships among grain yield and its attributes when planning the breeding program.
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INTRODUCTION
Maize (Zea mays L.) is the world's widely grown cereal and primary staple food crop in many developing countries. It is the second most important cereal crop both in terms of area and production after wheat in Egypt. The area devoted to maize cultivation in Egypt is about 1.8 million feddan (FAO, 2014) and the average yield of maize reached about 25.70 ardb. /fed. It has several uses either as food or feed due to its high nutrition value. Maize also is a key industrial raw material for diverse purposes.
Therefore, efficient use of N fertilizer in crop production is crucial for increasing crop yield, economic considerations and environmental safety (Grant et al 2002) .
Manure fertilizer plays an important role in improving physical, chemical and biological properties of the soil when applied in combination with mineral fertilizers (Nalatwadmath et (2013) reported that the integrated use of organic and inorganic fertilizers is much better than single use of each in maize cropping systems. This combination increases fertilizer use efficiency, reduces risks of acidification, and provides a more balanced supply of nutrients. Due to continuous decline in soil fertility, as a result of exaggerated using of mineral fertilizers alone and the high cost of the inorganic manure fertilizer which resulted in low maize yield. Therefore, it is urgently need to sup- Information obtained from simple correlation coefficient (r) could give an initial idea about the associations among grain yield and its attributes because (r) measures the mutual association only between each pair of traits neglecting the complex interrelationships among all traits. Accordingly, multivariate analysis such as principal components method and its corresponding biplot graphs may be good alternative procedure for the previous point Many researchers investigated behavior of several traits in different environments; they usually experienced problems in assessments of these traits. The problem gets complicated in selection studies especially when there is a negative interaction between the primary trait of the experiments and the other traits (De Leon et al 2016).
GGE (genotype plus genotype by environment) biplot method is considered a graphic technique used for reliable assessment of yield across multienvironment experiments (Rahmatollah et al 2013) . Recently, the method was developed by Yan (2014) to use different types of biplot graphs created to discuss the effects of applied treatment on one or all target traits at the same time.
GGE biplot method allows the user to assess entire two way data (Gabriel, 1971) . Assessments are usually performed over PC1 and PC2 (the first two principal components) axes calculated from the data of rows and columns from a two dimensional array produced by the combination of treatment and traits datasets (Akcura and Kokten, 2017) .
In Egypt, for maize, no references were found considering the technique of treatment x trait (TT) biplot graph. Therefore, the objectives of this study were to: (1) determine the effects of integrated manure fertilizer and times of adding recommended N fertilizer on maize yield and its components and (2) study the interrelationships among maize traits using (TT) biplot technique.
MATERIALS AND METHODS

Field labour
A two years field trial was conducted at two locations, i.e., Gemmeiza and Sids, Agricultural Research Stations, during the two growing seasons of 2016 and 2017 with three replication to investigate the effect of farm yard manure and the time of adding recommended N fertilizer on the grain maize yield and its attributes (single cross hybrid 130). In each location, twelve treatments were the combinations among three farm yard manure fertilizer rates and four arrangements of adding recommended N fertilizer were laid out in Randomized Complete Block Design and replicated three times. The details of these factorial treatments and their codes were described in Table ( 
Collected data and Statistical analysis A. Crop traits
Data of days to 50% tasselling (TS) and silking (SK) were recorded on a plot basis. After harvest, five plants were randomly chosen to collect data on the following traits were Plant height (cm) (PH), Ear height (cm) (EH), Number of ears plot -1 (NE),Ear length (cm) (EL),Ear diameter (cm) (ED),Number of kernels row -1 (NK),100 kernels weight (g) (100-KW) and Grain yield (ard fed -1 ) (GY) was firstly determined according to the plot area then; the grain yield was adjusted to 15.5% moisture .The grain yield data converted to the unit of (ardab fed -1 ).
Crop traits data were subjected to combined analysis of variance across the two seasons for each location as illustrated by Gomez, and Gomez, (1984).Treatments mean comparisons for these traits were done according to Duncan's multiple range Test at Probability value < 0.05 (Duncan, 1955).
On the other hand, Levene test (1960) was applied to examine the assumption of homogeneity of individual error variances before running combined analysis across seasons, revealing that error was homogenous.
B. Correlation matrix
The coefficient of correlation between all pairs of the studied traits was computed as suggested by Gomez and Gomez, (1984).
C. Treatment -trait (TT) biplot graph
The biplot method (Yan and Rajcan, 2002) was employed to display the treatment by trait twoway data in biplot graph and denoted as TT biplot based on the following formula:
where αij is the mean value of treatment i for trait j, βj is the mean value of all treatments for trait j, σj is the standard deviation of trait j among treatment means, n λ is the singular value for principal component n (PCn), in ξin and ηjn are scores for treatment i and trait j on PCn, respectively, and εij is the residual associated with treatment i in trait j. To achieve trait-focused scaling between treatment combination scores and the trait score, the singular value n λ has to be absorbed by the singular vector for treatments ξin and that for traits ηjn. Th at is, ξin * = ξinλ 0 n= ξin and ηjn * = ηjnλ 1 n = ηjnλn. Because of n = 2 in a biplot, only PC1 and PC2, are retained in the model and such a model tends to be the best for extracting pattern and rejecting noise from the data.
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RESULTS AND DISCUSSION
Mean performance
Data were subjected to combined analysis of variance across the two seasons for each location where Levene's test indicated homogeneity of the error variance of the two seasons for all studied traits.
Gemmeiza location
Results revealed that the earliest plants for tasseling (59 days) and silking (60 days (NE), Ear length (EL), Ear diameter (ED), Number of kernels row -1 (NK) and 100 kernels weight (100 -KW). These results may be assigned to the essential nutrient elements contained in the application of FYM with nitrogen fertilizers that are associated with increasing photosynthetic efficiency and improving meristematic and physiological activities in the plants. Consequently, it is clear that the combined application of FYM with nitrogen fertilizers exerted a favorable effect on maize productivity. Grain yield is the end result of many complex morphological and physiological processes occurring during the growth and development of crop (Fanuel and Gifole, 2013 (2017) who found that the production of grain yield might be due to better growth, development and dry matter accumulation with proper supply of nutrients to plant and increase in the availability of other plant nutrients with the respective source of nitrogen application.
Sids location
Results showed that the earliest tasseling plants were obtained by the treatment no. (2013) on maize. They found that increase in grain yield was mainly due to the balanced supply of nitrogen in combination with P and K and maximum N use efficiency from both inorganic and organic (FYM) sources during the grain filling development and growth stages. 
Correlation matrix
The simple correlation coefficients among all studied traits calculated across the two growing seasons at Gemmeiza and Sids locations are shown in Table (5) . Results showed that the greatest correlation coefficients were recorded between grain yield and each of number of ears plot -1 (0.89**), ear diameter (0.55**) and 100 kernels weight (0.94**) under Gemmeiza location while the traits of days to 50 % tassiling (-0.57**) and silking (-0.69**), plant height (0.78**) and ear height (0.76**) were the most associated toward grain yield under Sids location. Accordingly, the earliest matured plants gave the highest grain yield under Sids region. These results could help the breeder to select high grain yield through the indirect selection for one or more of these traits. On the other hand, the grain yield attributes exhibited important trends of association among themselves. Under the two locations, considerable negative correlation coefficients were found between each of days to 50 % tassiling and 50 % silking from one side and the most traits from the other side. Positive and highly significant association was found between days to 50 % tassiling and 50 % silking. Abbreviations: number of days to 50% tasselling (TS), number of days to 50% silking (SK), plant height (PH), ear height (EH), number of ears plot -1 (NE), ear length (EL), ear diameter (ED), number of row ear -1 (NR), number of kernels row -1 (NK), 100 kernels weight (KW), and grain yield(GY) (ardabfed -1 ).
The associations were found to be positive and significant between plant height and each of ear height (0.78**), ear length (0.78**) and ear diameter (0.60**) under Gemmeiza location.
Also, significant and positive correlation coefficients were observed between ear height and each of ear length (0.41*) and ear diameter (0.58**) under Gemmeiza location while it associated with number of ears plot -1 (0.69**) and number of kernels row -1 (0.35*) under Sids location.
Positive and significant correlation coefficients were detected between number of ears plot -1 and each of ear diameter (0.49*), number of rows ear -1 (0.48*) and 100 kernels weight (0.85**) under Gemmeiza location only. Furthermore, positive and significant correlation coefficients were observed between number of rows ear -1 and each of number of kernels row -1 (0.42* and 0.62**) under Gemmeiza and Sids regions, respectively. The correlation coefficients among other traits were small or trivial. Accordingly, the maize breeder should give interest for the interrelationships among grain yield and its attributes when planning the breeding pro- 
Treatment-Traits (TT) biplot 1-Gemmeiza location (combined over two seasons)
The current study depended on the estimation of biplot polygon and vector graphs to study the effects of the used treatments on the studied traits in one graph which termed as TT biplot graphs (Yan et al 2000) .
The mean values of the effects of three FYM and four dates of adding recommended nitrogen fertilizer (representing 12 factorial treatment combinations) were graphically summarized across the two seasons at Gemmeiza location as shown in polygon view (Fig. 1A) .The TT biplot graph give an overall picture about the interrelationships among factorial treatment and all traits simultaneously.
The polygon view of treatment x trait (TT) biplot graph is a good tool to visualize and interpret the behavior pattern of treatment toward trait provided the biplot should explain a sufficient amount of the total variation.
The principle components (PC) analysis based on TT biplot method together explained that there is about 72.68% of the observed variation for the measured traits of maize across fertilizer treatments (Fig. 1A) . The first and second principle components (PC) explained 48.50% and 24.18%, respectively. Yan and kang (2003) stated that the first two PC ' s should reflect more than 60% of the total variation in order to achieve the goodness of fit for TT biplot model. However, The vertex treatment number 11 (T11) was the best in number of row ear -1 (NR), number of kernels row -1 (NK), ear diameter (ED), plant height (PH), ear height (EH), and ear length (EL). T9, T10 and T11 hold the same results for the above-mentioned traits. While the vertex treatment combinations (T6) and (T5) had good behavior for silk appearance (SK) and number of days to 50% tasseling (TS) traits. The same results are also true for the treatment (T7) and (T8).
On the other hand, all treatment combinations without FYM (T1, T2, T3 and T4) was the inferior for all measured traits (Fig. 1A) . Similar results were also reported by Abebe et al ( The TT biplot vector of Fig. 1B , displays the relationship among 11 traits of maize. In this biplot, the rays connecting the traits to the biplot origin are described as trait vectors and the correlation coefficients between any two traits is approximated by the cosine of the angle between their vectors. Two traits are positively correlated if the angle between their vectors is < 90° (acute angles), negatively correlated if the angle is > 90° (obtuse angles), independent if the angle is 90° (no correlation). Also, traits with longer vectors are more responsive to the treatment combinations and traits with shorter vectors are less responsive to the treatment combinations as well as those located at the biplot origin are not responsive at all ( Concerning the vector graph (Fig. 1B) ; number of ears plot -1 (NE) and 100 kernel weight (100-KW)
were highly significantly and positive associated with grain yield (GY) as indicated by the small acute angles between their vectors. However, kernels row -1 (NK) and ear diameter (ED) were a strong positively associated as indicated by the small acute angles between their vectors (Fig. 1B) . Also, plant height (PH) positively associated with ear length (EL) and ear height (EH). On the other hand, there was a near zero correlation between grain yield (GY), 100 kernels weight (KW) and each of plant height (PH), ear length (EL), ear height (EH), silk appearance (SK) and numbers of days to 50% tasseling (TS) because their near perpendicular vectors (r = cos 90 = 0). It is appeared that silk appearance (SK) and number of days to 50% tasseling (TS) traits had a strong positive association between each other and they negatively associated with plant height (PH), ear length (EL) and ear height (EH) as indicated by the obtuse angle among there. These results are consistent with those obtained by correlation matrix as shown in Table ( (Table 5 ).
1-Sids location (combined over two seasons)
Biplot model explained 68.13% of the total variation of the standardized data at Sids location. The first two principal components (PC1 and PC2) explained 48.32 and 19.18%, respectively. The polygon view of the TT biplot distinguishes treatment combinations with the highest values for one or more traits.
The biplot of Fig. 2A presents data of 12 treatment combinations with 11 traits. This following information can be presented as (T11) was the vertex treatment for the grain yield (GY), 100 kernels weight (100-KW), number of ears plot -1 (NE), ear height (EH) and plant height (PH). Also, this sector recorded the treatment combinations (T6), (T8) and (T10) which had good performance for the above-mentioned traits. However, T9 was the vertex treatment for the number of kernels row -1 (NK), ear diameter (ED), and ear length (EL). Also, this sector contains T12 treatment that had good performance for the above-mentioned traits. While the vertex treatment combinations (T3) and (T4) were good for silk appearance (SK) and TS traits. On the other hand, the vertex treatments T1 and T5 were the poorest for all measured traits as shown in Fig. (2A) . Similar result were also report- It is obvious that silk appearance (SK) and Tassiling trait had approximately negative correlation with number of kernels row -1 (NK), ear diameter (ED), number of rows ear -1 (NR) and ear length (EL) as indicated by the near an angle of approximately 180 degrees (r = cos180 = -1).
There was a near zero correlation between grain yield (Y) and each of ear length (EL) and number of rows ear -1 (NR) as indicated by the near perpendicular vectors (r = cos 90 = 0) (Fig. 2B) .
The current results are similar to those obtained by correlation matrix Table ( 5) indicating that the biplot graph is an alternative procedure for correlation coefficients.
